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Abstract 
 
In this study, we studied relations between surface temperature of urban green areas and factors of each green 
areas shown as Tab.1. We analyzed Landsat TM and ETM+ data (Path: 107;Row: 35) and the area which 
includes metropolitan Tokyo was chosen as analyzed area. Analysis of the relation of surface temperature and 
factors of green areas were done by regression analysis of each factors and combination of principle component 
analysis and multiple regressionss and neural network. As a result, surface temperature was obviously influenced 
by three major components deduced by principle component analysis. The first component represented the effect 
of factors related to the sizes and the shapes of green areas, the second component represented the effect of 
coverage of vegetation and the third component represented the water. The effect of factors related to the sizes 
and the shapes of green areas and thar related the water was significant for analyzing the decrease of surface 
temperature. We tried to compare the method estimating surface temperature by multiple regressionss with that 
by neural network. It is implied  the mothod by neural network is more effective. 
 
 
1. INTRODUCTION  
It is well known that the surface temperature of urban green area is lower than surrounding urban area. The 
decrease of surface temperature of bigger green area is higher than smaller green area. But there have been few 
studies on the effect of many factors LANDSAT ETM+ data. In this study, we analyzed relations between surface 
temperature of urban green areas and factors related to the shape of green area. It was recongnized that the effect 
of shape factors of green area was important by the following analysis. 
 
2. METHOD 
2.1 Analyzed area 
For the analysis, Landsat TM and ETM+ data of Kanto area in Japan (Path:107,Row:35) taken 24th July 1987 , 
7th September 1997, and 4th June 2001 was used. Analyzed area was 1120 pixels x 1120 pixels including Tokyo 
metropolitan area. This area is proper for 33.6km2 as shown in Fig.1. 
 
2.2 Classification and analyzed green area 
Classification of the surface cover was done by minimum distance classification method. The analyzed area was 
classified with five kinds of covers, i. e. water, tree, grass, bare, urban as shown in Fig.1. In this study, green area 
was defined as sum of the tree and grass covers. The green areas, which are more than 2 ha in Tokyo, were 
chosen for the analysis. The number of the green areas was 116 as shown in Fig.2. 
 
2.3 Calculation and analysis of surface temperature 
Surface Temperature, T was calculated based on following equation, 
05.268)2.310299.9( 3 +×−××= − TTVc , 
where Vc is CCT value of Band 6. 
 
For each 116 green areas, twelve factors shown in Tab.1 and surface temperature were calculated. Then, relation 
between the averaged surface temperature of each green area and averages of above twelve factors was analyzed 
by simple regression, combination of principle component analysis, multiple regressions analysis. It was also 
analyzed by neural network The result of neural network was compared to that of multiple regressions.The 
neural network with a back propagation algorithm was used as a method of nonlinear multiple regressions which 
has advantages over conventional linear regression. As shown in Fig.3, The network consists of 3 layers which 
have 12 units in the input layer, 1 unit in the output layer and 12 units in an intermediate layer. advantages over 
conventional linear regression. As shown in Fig.3, The network consists of 3 layers which have 12 units in the 
input layer, 1 unit in the output layer and 12 units in an intermediate layer. 
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Fig.1 Result of classification. 
 
Fig.3 Neural network. 
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Fig.4 Definition of continuity 
index. 
Tab.1 Various of green area. 
Fig.5 Result of the relation between surface 
temperature and the number of pixels in each index
NO. Variables
① Total area of greenspace(ha)
② Tree area of greenspace(ha)
③ Grass area of greenspace(ha)
④ Ratio of perimeter to area(m-1)
⑤ Continuity Index(/8)
⑥ Minimum distance from center to water(km)
⑦ Minimum distance from center to coastline(km)
⑧ Ratio of tree within 1km range(%)
⑨ Ratio of grass within 1km range(%)
⑩ Ratio of water within 1km range(%)
⑪ Ratio of tree within 1km range except itself(%)
⑫ Ratio of grass within 1km range except itself(%)
0 10 20(km) 
Fig.2 116 green spaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R eg. C oef. C onstant C orr. C oef. R eg. C oef. C onstant C orr. C oef. R eg. C oef. C onstant C orr. C oef.
a b r a b r a b r
-0.024 25.60 -0.36** -0.013 24.82 -0.27** -0.021 28.51 -0.49**
-0.026 25.54 -0.34** -0.012 24.74 -0.21** -0.021 28.42 -0.42**
-0.048 25.39 -0.22* -0.039 24.80 -0.26** -0.059 28.39 -0.39**
112.94 22.48 0.45** 63.326 23.05 0.32** 77.764 26.17 0.47**
-0.645 28.30 -0.49** -0.385 26.42 -0.34** -0.315 29.54 -0.41**
0.487 24.79 0.26** 0.358 24.16 0.35** 0.336 27.67 0.50**
0.115 24.18 0.42** 0.030 24.21 0.20* 0.084 27.41 0.45**
-0.061 25.60 -0.26** -0.013 24.67 -0.08 -0.053 28.54 -0.36**
-0.084 25.36 -0.16 -0.057 24.75 -0.16 -0.108 28.39 -0.34**
-0.059 25.48 -0.39** -0.064 24.88 -0.52** -0.075 28.43 -0.63**
0.221 24.89 0.18 0.159 24.31 0.20* -0.191 28.56 -0.29**
0.056 25.17 0.05 0.041 24.54 0.05 -0.095 28.23 -0.15
* P <0.05 ** P <0.01
D ependent V ariable: S urface Tem p. (deg. C )
⑨
⑩
⑪
⑫
⑤
⑥
⑦
⑧
①
②
③
④
Valuables
2001 1997 1987
1 2 3 1 2 3 1 2 3
① 0.439 -0.122 -0.142 0.445 0.128 0.021 0.445 0.153 0.016
② 0.394 -0.253 -0.195 0.407 0.242 -0.13 0.406 0.284 -0.023
③ 0.329 0.312 0.081 0.291 -0.227 0.385 0.298 -0.345 0.13
④ -0.403 0.082 -0.026 -0.392 -0.088 0.133 -0.351 -0.177 -0.248
⑤ 0.387 -0.053 0.042 0.379 0.076 -0.117 0.335 0.151 0.289
⑥ -0.118 -0.405 0.211 -0.158 -0.098 -0.376 -0.192 0.18 0.372
⑦ 0.041 -0.206 0.536 0.022 -0.379 -0.325 -0.081 -0.103 0.558
⑧ 0.345 -0.315 -0.107 0.362 0.179 -0.245 0.38 0.24 -0.151
⑨ 0.294 0.424 0.309 0.276 -0.482 0.27 0.263 -0.512 0.161
⑩ 0.049 0.438 -0.363 0.024 0.113 0.572 0.141 -0.161 -0.476
⑪ 0.029 -0.137 0.393 0.076 -0.284 -0.31 0.14 -0.244 -0.3
⑫ 0.09 0.344 0.455 0.122 -0.591 0.003 0.127 -0.524 0.151
E igen value 4.322 2.082 1.896 4.176 2.107 2.056 4.047 2.364 1.998
P roportion(% ) 38 17.2 15.8 34.8 17.6 17.1 33.7 19.7 16.7
C um ulative(% ) 38 53.2 69 34.8 52.4 69.5 33.7 53.4 70.1
2001 1997 1987Variables / Principle Component
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Tab.2 Result of single regression analysis on the relation between surface 
temperature and each variable.  
 
Tab.3 Result of Principle Component Analysis.
Fig.6 Eigen Vector of First Component with 3-year. 
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3. RESULTS AND DISCUSSION 
3.1 Surface temperature and continuity index 
Continuity index is Numbers of pixels of green area or water surface per 8 pixels, which surrounds a pixel of 
green area as shown in Fig.4. The continuity index has values from 0 to 8. The value of 8 means that all the 
surrounding pixels is green area. The value of 0 means that the pixel is sole green area. Relation between surface 
temperature and the number of pixels in each index is shown in Fig. 5. As the value of index is larger and lager, 
surface mean temperature becomes lower and lower. The total number of each index keeps rising until it gets the 
value of 5, and that of 6 and 7 gets lower. But that of 8 is the largest number. 
 
3.2 Simple regression 
The result of simple regression analysis was shown in Tab.2. Total area of green space, tree area of green space, 
grass area of green space, continuity index and ratio of water within 1km have minus correlation with surface 
temperature. On the contrary, ratio of perimeter to area, minimum distance from center to water, minimum 
distance from center to coastline has plus correlation with surface temperature.  
 
3.3 Principle component analysis 
The result of principle component analysis was shown in Tab.3. The meaning of each principle components was 
considered as follows. The first component represented the sizes and the shapes of green areas, the second 
component represented the effect of coverage of vegetation and the third component represented the water. Eigen 
vector of first component with 3-yaer is shown in Fig.6. Result of each year was shown a similar tendency. 
Result of second and third component was also shown same outcomes. 
 
3.4 Multiple regressions and neural network 
By using the three principle components as independent variable and surface temperature as dependent variable, 
multiple regressions analysis was taken and the result was shown in Tab.4. The 3-year coefficient of 
determination was 0.37, 0.30, and 0.57 respectively. The effect of factors related to the sizes and the shapes of 
green areas and that related the water was significant for analyzing the decrease of surface temperature. Result of 
multiple regressions and neural network in 2001 is shown in Fig.7. The scatter of the data of neural network was 
less than that of multiple regressions. The result of the other year was almost same difference. 
 
4. Conclusion 
From above analysis, in the first instance, the effect of 
continuity index was considered to be important for the 
decrease of surface temperature. Secondly, Eigen vector 
with 3-yaer was shown a similar tendency. Thirdly, The 
effect of factors related to the sizes and the shapes of 
green areas and thar related the water was significant for 
analyzing the decrease of surface temperature.  Lastly,  
result of estimation by neural network was shown 
superiority to that multiple regressionss. 
  
Reference 
Honjo, T. and Takakura T., 1986, Analysis of 
temperature distribution of urban green spaces using 
remote sensing data, Journal of Japanese institute of 
Landscape Architecture, 49, 299-304. 
Sawada, D, Honjo, T, Maruta, Y and  Kimura, K., 1986, 
Analysis of surface temperature in urban green spaces 
by using LANDSAT TM DATA, Journal of 
Environmental Information Science, 16, 393-398 
1 2 3 1 2 3 1 2 3
P art. R eg. C oef. -0.31** -0.16* 0.43** -0.18** -0.15* -0.32** -0.32** 0.07 0.25**
F value 33.64 4.52 29.81 16.12 5.54 25.87 112.22 3.56 34.86
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C oef. of D et.
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Tab.4 result of multiple regressions. 
Fig.7 result of multiple regressions and neural 
network(2001). 
